Numerous studies have demonstrated that patients suffering from depression present impairment in working memory. This paper firstly introduced the concept of working memory, and then elucidated the deficits of working memory of patients with depression. It also reviewed the neuroimaging studies of working memory in patients with depression. In the final part, we further summarized the future research orientations. In short, exploration of working memory on the regulative mechanisms of depression and figuring out that working memory impairment is the cause or the result of depressive symptoms will be the core problem that the future research needs to address.
Introduction
Depression is a kind of severe mental disorder which is of high incidence, high recurrence rate, high morbidity and high suicide rate. In recent years, an increasing number of studies have found that patients with depression would have different degrees of cognitive dysfunction in both stage of attack and remission. Most patients mainly show a decrease of learning ability, lack of efficiency, memory and attention impairments (Marazziti et al., 2010) . Some scholars have suggested that working memory is the core of cognitive function. The related research has attracted more and more attention. This is an overview of status of research about working memory in patients with depression.
Working Memory in Patients with Depression

The Concept of Working Memory
Working memory is an important part of cognitive function; it's the foundation of the learning and memory. Besides, it has a close relation with other cognitive behavior. The concept model of working memory was initially proposed by Baddeley and Hitch in 1974 , it refers to a system of limited capacity which stores and processes information temporarily when people complete complex cognitive activities such as speech understanding, learning and reasoning. And working memory consists of three components: a central executive system and two buffers, namely "phonological loop" and "visuospatial sketch pad" (Baddeley, 1992) . Baddeley (2012) proposed a revision of working memory model with four components by increasing the pleasure detector and Episodic buffer, the model is used to describe the influence of emotional factors on the working memory. The current working memory model and its basic theory research has got further development. People have a more in-depth understanding of the nature of working memory. But there are still some problems. For example, the model cannot explain how the storage and processing of sets of information are completed, the validation of Episodic buffer and the conception of Central Executive Function are not clear and so on. Therefore theoretical models of working memory still need to improve and supplement.
Impairment of Working Memory in Patient with Depression
There is evidence for the existence of cognitive impairment in patients with depression (Marazziti et al., 2010) , while cognitive functions includes attention, working memory and executive function, Among them, working memory is an important component. The previous studies mainly focused on verbal and spatial working memory of patients with depression (Hasselbalch, Knorr, & Kessing, 2011) . But in recent years, studies on depressed patients with impairment of working memory turned to the core of working memory, namely the central executive, including inhibition, updating and shifting, these three parts are closely linked.
The core of effective functioning of the working memory is inhibition, and the main role of inhibition is to limit the relevant information into the working memory, delete irrelevant information and suppress erroneous information extracted from the working memory. Studies have shown that people with depression have cognitive inhibition impairment, especially the inhibition impairment about negative information materials . Joormann and Gotlib (2008) used the modified Sternberg working memory task to explore the updating of the contents of working memory and constrained capacity of working memory to exclude the irrelevant information, they found that when presented negative words, patients with depression showed stronger into effect than the control group. Gohier et al. (2009) found that impaired cognitive inhibition is associated with the severity of the depression of the patients with depression significantly. The patients with depression can't restrain neutral information into the working memory; their ability to limit and remove irrelevant working memory information is poor. And they proposed that the impairment of inhibition in patients may be the foundation of slower thought and attention deficit of the patients. Årdal and Hammar did a follow-up study up to 10 years, they found that the acute cognitive inhibition impairment of patients with depression is persistent, and this inhibition impairment may be a irreversible susceptibility mark of the recurrence of depression (Årdal & Hammar, 2011) . Therefore, the treatment of acute depression restrain impairment is critical, it's also the key to prevent the patient from further impairment to working memory.
The refreshing function of working memory affects the regulation of mood and assessment of personal experiences of the past (Pe, Raes, & Kuppens, 2013) . In order to test the ability of working memory to refresh emotional material, Levens and Gotlib (2010) asked subjects to complete 2-back task of the emotional faces, and also conducted a 0-back task as a perceptual process control. The results showed that compared with normal group, people with depression got out of grief stimulus more slowly and got out of a pleasant stimulus faster. Therefore, they think the difference of reaction time between groups may reflect the bias of the protection and Inadaptability of working memory and it influence the ability to regulate negative emotions. Lissnyder et al. (2012) studied the ability of working memory to transfer between internal emotional information and unemotional information. The results showed that depressive symptoms usually had nothing to do with impaired conversion ability. Meiran et al. (2011) studied the functions of patients with depression to inhibit, transfer and refresh. These functions have shown the impairment and indicated that the central executive of working memory was a whole, with consistency.
Functional Neuroimaging of Working Memory in Patients with Depression
There is a impairment of working memory of depression, but the pathological basis of the working memory impairment in patients with depression is not yet clear. In recent years, with the development of functional brain imaging, especially the development of functional Magnetic Resonance Imaging (fMRI) and functional nearinfrared spectroscopy (fNIRS) provide conditions for us to understand its pathological mechanism. Impairment of working memory in patients with depression can be manifested in these functional brain imaging.
Numerous studies show that brain regions activated by working memory mainly located in Prefrontal cortex (PFC), parietal, supplementary motor area, Anterior cingulate cortex (ACC) and the reticular activating system. Among them, the role of prefrontal cortex play in working memory is quite complex, including the functions of attention, inhibition, management and integration of memory information (Lisa & Ebmeier, 2009) . The dysfunction of dorsolateral prefrontal cortex, striatum and hippocampus would lead to the cognitive impairment such as attention, memory, working memory and executive function. DLPFC plays an important role in working memory and executive function. When patients with depression implement working memory task, it involves abnormal brain activation of the frontal edge of the network like DLPFC and ACC (Diener et al., 2012) .
Researchers used neutral or emotional stimuli to explore the cognitive inhibition ability in patients with depression. they found that the counter-group difference was observed only in emotionally negative material presenting unpleasant scenes., and the damage of inhibition mechanism were followed by the changes of the functions of prefrontal dorsolateral prefrontal cortex and cingulate gyrus (Eugene et al., 2010) . The study of Berman et al. (2011) found that the left inferior frontal gyrus was a key area to inhibit irrelevant information, while patients with depression in this region showed more activation of variation, which may lead to the lack of ability in patients with depression to suppress negative information. Koster et al. (2011) proposed the hypothesis of mechanism from impairment, the key point of the hypothesis was that the time extension of self-related material processing was due to the attention cannot be divorced from the negative self-related information, Foland-Ross et al. (2013) studied the neural basis of this mechanism from impairment and found that when patients with depression removed the negative words from working memory, the dorsal anterior cingulate, parietal cortex and bilateral insular cortices were significantly active. They think that the abnormal activation of these brain areas leads to the difficulty for patients with depression to remove negative stimuli from the working memory, which takes up more working memory resource. Garrett et al. (2011) did fMRI scanning on patients with psychotic symptoms of depression and patients without psychotic symptoms of depression under the working memory task. The study found group without psychotic symptoms in depression showed abnormal in frontal executive area, the group with psychotic symptoms of depression showed abnormal activation in parahippocampal gyrus and the temporal-parietal region at lower demand levels, and temporal-parietal region is related to positioning unexpected stimuli. Therefore, they think this may reflect a nerve compensation for dysfunctional sensory gating. Kerestes et al. (2012) did a fMRI study of remitted depressed patients, the study showed that during high working memory load, when response to negative emotional distracters, patients exhibited significantly greater activity relative to HC in the left DLPFC [Brodmann area (BA) 9/46]. By contrast, remitted depressed patients exhibited significantly lower activity in the right DLPFC and left VLPFC compared to HC when responsed to positive emotional distracters. This suggests that remitted depressed patients may continue to exhibit attentional biases. Norbury & Godlewska (2014) found that there was no significant difference in the working memory performance accuracy and response latency in remitted patients with depression. But bilateral hippocampus showed positive quadratic load and perturbed pattern of activation, which indicated a reduced ability to dampen task irrelevant activity might be the neurobiological factor of recurrent depression.
fNIRS is a relatively new brain imaging technique, which uses light-scattering properties of the main component of blood to 600 -900 nm good near-infrared, resulting in the changes of oxygen hemoglobin and deoxygenated hemoglobin during the brain activity . Schecklmanna et al. (2011) studied the unipolar and bipolar patients with depression in a working memory task with fNIRS over the prefrontal cortex. The results show that both patient groups showed diminished brain activity in all working memory conditions compared to healthy control. This suggested that depression would cause the function deficits of the brain, but the specific deficit was not known yet. So working memory processes or components can't differentiate unipolar from bipolar depression.
The study of Pu et al. (2011) showed that patients showed a smaller increase in lateral prefrontal and superior temporal cortex activation during the working memory task and associated poorer task performance than healthy controls. The results contradicted with some previous fMRI studies. Moreover, they measured hemoglobin concentration changes of late-onset depression patients in the prefrontal and temporal regions during a working memory task using 52-channel near-infrared spectroscopy (NIRS). Patients were associated with reduced increase in prefrontal and temporal activation compared with healthy controls. And reduced activation in the prefrontal and temporal regions was significantly related to lower scores on the Social Adaptation Self-Evaluation Scale (SASS) in the patient group. These findings suggest that hemodynamic response in prefrontal and temporal regions during a working memory task may act as a biological marker of social functioning in late-onset patients (Pu et al., 2012) .
Future Research Orientations
At present, research on working memory in patients with depression achieved some results at home and abroad, there is impairment of working memory in patients with depression, including various components of working memory, fMRI, fNIRS and other functional brain imaging techniques also confirmed the dysfunctions of related brain regions.
However, there are still many limitations in previous researches, and research about impairment of working memory in patients with depression is not very comprehensive, and it is generally limited to some portion of working memory component, such as the working memory capacity, spatial working memory or a subfunction of the central executive system. At present, there is no comprehensive review about research of all components of working memory in patients with depression at home and abroad. Meanwhile, the studies about working memory in different severity in patients with depression are also relatively small.
Although there were many Brain imaging studies about working memory on patients with depression, the brain mechanisms of working memory in patients with depression remains unclear , exactly which brain regions influence working memory capacity, the different impairment of working memory between subtypes of depression. the working memory damage is a cause or a result of depression, how to improve working memory by training patients with depression , and as the improvement of working memory, whether mood of the patients can turn good, these questions need to be explored further.
Thus, in future studies, we should do more to combine functional brain imaging techniques to explore the impairment mechanism of working memory in patients with depression, as well as the regulation of working memory to depression, and to figure out the causation between working memory and depression. We hope to improve the patient's mood by the improved training of working memory and analyze different subtypes' characteristics of impairment of working memory with the exclusion of patients' disease duration, age, sex, personality, habits, experience and other disturbing factors.
A variety of the effectively functional neuroimaging detection techniques, neuropsychological tests and comprehensive, scientific ways of studying in working memory model of depression provide the theoretical and scientific basis for the cure of depression.
